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EHLQJDOVR WKHDJLQJ LQYLEUDWLRQ ILHOG)ROORZLQJH[SHULPHQWDO WHVWVZDVQRWLFHGDV ILUVW HIIHFW WKH LQFUHDVLQJRI
GLIIXVLRQVSHHGWRSDUWVWKDWXQGHUJRWRPHFKDQLFDOYLEUDWLRQV+DUGQHVVDVZHOODVWKHRWKHUPHFKDQLFDOSURSHUWLHV
KDYHVLJQLILFDQWHQKDQFHPHQW>@$PRQJWKHHIIHFWVRQKHDWWUHDWPHQWDFWLYHPHGLXPYLEUDWLRQVKDYHDOVRXQ
VWLPXODWHGHIIHFWRQPHWDOFU\VWDOOLQHODWWLFH>@
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$OXPLQXPDOOR\VSURSHUWLHVFDQEHLPSURYHGE\KHDWWUHDWPHQWVXFKDVKDUGHQLQJVWHPSHULQJ¶VDQGDQQHDOLQJ¶V
NQRZQDVDJHKDUGHQLQJRUDJLQJ¶V
1DWXUDO DJLQJ WDNH SURORQJHG WLPH PHFKDQLFDO FKDUDFWHULVWLFV EHLQJ PRGLILHG YHU\ OLWWOH WKH UHDVRQ ZK\ LV
UHSODFHGZLWKDUWLILFLDODJLQJ8VLQJDUWLILFLDODJLQJWKHWRWDOWLPHRIDJLQJUHGXFHVWRVHYHUDOKRXUVDQGPHFKDQLFDO
FKDUDFWHULVWLFVDUHPXFKLPSURYHG>@([SHULPHQWDOVWXGLHVZHUHGRQHLQRUGHUWRVWXG\WKHLQIOXHQFHRIHQHUJ\
UHSUHVHQWHGE\PHFKDQLFDOYLEUDWLRQRQDUWLILFLDODJLQJSKHQRPHQRQIRUDOXPLQXPDOOR\V$76L&X
([SHULPHQWDOUHVHDUFKHVDLPHGWRDSSO\QRQFRQYHQWLRQDOKHDWWUHDWPHQWVLQRUGHUWRVWXG\WKHLULQIOXHQFHRQWKH
%ULQHOOKDUGQHVVRQF\OLQGULFDO VDPSOHV VL]HG[PP7KHKHDW WUHDWPHQWVDSSOLHGZHUH MRLQHGE\PHFKDQLFDO
YLEUDWLRQVWUDQVPLWWHGWRWKHHQYLURQPHQW0HFKDQLFDOYLEUDWLRQVDUHFDUULHGWRZDUPPHGLXPOLTXLGRLOLQZKLFK
WKHVDPSOHVIRUDJLQJDUHKHOGXVLQJDQHODVWLFODPHOODH[FLWHGE\DQHOHFWURPDJQHW
7KHH[SHULPHQWDOGHYLFHIRUVWXG\WKHLQIOXHQFHRIPHFKDQLFDOYLEUDWLRQVRQFKDUDFWHULVWLFYDOXHVRIPHFKDQLFDO
SURSHUWLHVLVPDGHRIDPHFKDQLFDOH[FLWHUDFWLRQHGE\DFRLOZLWKVRIWFRLOIL[HGLQWZRSRLQWVDQGZLWKIUHHHQG
VRDNHGLQKRWRLOEDWKDQGDQHOHFWULFFLUFXLWXVHGIRUDFWLYDWLQJWKHH[FLWHGFRLORIUHVRQDQFHEDUIRUZKLFKLWKDV
EHHQXVHG
x DSRZHUDPSOLILHUW\SH/9
x DIUHTXHQF\FRQYHUWHU
x DGLJLWDOYROWPHWHUZLWKGLJLWDOGLVSOD\W\SH08/7,0(7(59
x DQHOHFWURG\QDPLFH[FLWHUW\SH(6(
7KHJHQHUDODVSHFWRIWKHLQVWDOODWLRQXVHGWRKDUGHQLQJDQGDJLQJLQYLEUDWLRQILHOGLVVKRZQLQ)LJ
)LJ*HQHUDODVSHFWRILQVWDOODWLRQXVHGDWKDUGHQLQJDQGDJLQJLQYLEUDWLRQILHOG>@
7KH VDPSOHV XVHG ZLWKLQ WKH H[SHULPHQWDO UHVHDUFK DUH F\OLQGULFDO VDPSOHV VL]HG [PP ZKLFK ZHUH
TXHQFKHGDQGDJHGDUWLILFLDOO\DVIROORZV
x ZDWHUTXHQFKLQJIURPDq&WHPSHUDWXUHZLWKDQGZLWKRXWDSSO\LQJYLEUDWLRQV
x DUWLILFLDODJLQJDWDWHPSHUDWXUHRIq&IRUKRXUE\DSSO\LQJYLEUDWLRQV
)ROORZLQJ WKH DSSO\LQJ RI WKH KHDW WUHDWPHQWVZH SHUIRUPHG KDUGQHVVPHDVXUHPHQWV E\PHDQV RI WKH%ULQHOO
KDUGQHVV WHVWLQJ DSSDUDWXV KDYLQJ WKH IROORZLQJ FKDUDFWHULVWLFV PP GLDPHWHU VWHHO EDOO DQG DQ DSSOLHG ORDG RI
NJIV7KHLPSUHVVLRQVPHDVXUHGDJDLQVWVDPSOHVE\PHDQVRIWKH%ULQHOOPDJQLI\LQJJODVVZHUHWUDQVIRUPHG
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LQWR %ULQHOO XQLWV E\ PHDQV RI YDOXH WDEOHV WKH YDOXHV SUHVHQWHG LQ WDEOHV UHSUHVHQWLQJ WKH DYHUDJH RI WKUHH
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([SHULPHQWDO UHVHDUFK FDUU\ RXW UHYHDO LQIRUPDWLRQ WKDW KDYH EHHQ LQWHUSUHWHG ZLWK SUHFLVLRQ LQGLFDWRUV VR
FHUWDLQW\ VWDWH WKDW WKH PHDVXUHPHQWV PDGH DUH ZHOO GRQH LI H[SHULPHQWDO GDWD DUH DFFXUDWH DQG IDOO ZLWKLQ WKH
PDUJLQRIDFFHSWHGHUURUDQGWKHUHFRUGHGGHYLDWLRQVDUHH[WUHPHO\VPDOO
7RSHUIRUPWKLVDQDO\VLVZHFDOFXODWHGWKHIROORZLQJSUHFLVLRQLQGLFDWRUV>@
x VWDQGDUGVZHUYHRIRQHPHDVXUHPHQW LM'V 
x VWDQGDUGHUURUDYHUDJHVZHUYHRIDYHUDJHYDOXHREWDLQHG(
x FRHIILFLHQWRIYDULDWLRQ &9 
x WROHUDQFH7PD[LPXPVSUHDG PD[' 
7KHPHDVXUHRISUHFLVLRQGHWHUPLQDWLRQVRUGHJUHHRIWKHLQGLYLGXDOVFDWWHULQJRI%ULQHOOKDUGQHVVYDOXHVQRWHG
ZLWK'DERXWWKHPHGLXPLVUHSUHVHQWHGE\WKHVWDQGDUGGHYLDWLRQRIDPHDVXUHPHQWFDOFXODWHGZLWKUHODWLRQVKLS
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 F ! >@

6LQFHWKHFRHIILFLHQWRIYDULDWLRQWDNHVYDOXHVLQWKHILUVWSHULRGZHGHILQHVPDOOGLVSHUVLRQZKLFKPHDQVWKDW
WKHPHDVXUHPHQW UHVXOWV LQGLFDWHDVPDOOVFDWWHULQJDURXQG WKHPHGLXPYDOXHYDOXHV WKDWDUH IRXQG LQ WKHVHFRQG
LQWHUYDOVGHILQHGWKHPHGLXPGLVSHUVLRQDQGLIWKHFRHIILFLHQWRIYDULDWLRQWDNHVYDOXHVJUHDWHUWKDQWKHUHVXOWV
LQGLFDWHDKLJKGLVSHUVLRQ
%RUGHULQJ FRHIILFLHQW RI YDULDWLRQ LQ RQH RI WKH ILUVW WZR FDWHJRULHV FRQILUP WKH H[LVWHQFH RI DFFHSWDEOH
PHDVXUHPHQWV VWDWLVWLFDOO\ PHDVXUHPHQWV WKDW FHUWLI\LQJ WKH H[SHULPHQWDO GDWD DUH DFFXUDWH WKH GHYLDWLRQV DUH
H[WUHPHO\VPDOO
)RUYDOXHVH[FHHGLQJLWLVFRQVLGHUHGWKDWPHDVXUHPHQWVDUHDIIHFWHGRIHUURUWRRODUJHVRWKDWH[SHULPHQWDO
GDWDVKDOOQRWEHWDNHQLQWRFRQVLGHUDWLRQ>@DQGWKHVHWRIPHDVXUHPHQWVUHVXPHV
'DWDUHIHUULQJWRFDUU\RXWPHDVXUHPHQWVDUHRIIHUHGDQGKRZPHDVXUHPHQWVIDOORUQRWLQVSHFLILFWROHUDQFH)RU
WKLVSXUSRVHZHFDOFXODWHGWKHYDOXHWROHUDQFH>@UHVSHFWLYHO\WKHPD[LPXPVSUHDG>@ZLWKWKHUHODWLRQVKLS

LM'V7  
PLQPD[
PD[ ''  ' 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DQWKHQWKHREWDLQHGUHVXOWVZHUHFRPSDUHG
0D[LPXPVSUHDGOHVVWKDQRUHTXDOWRWKHWROHUDQFHYDOXHLQGLFDWHVWKDWWKHPHDVXUHPHQWVIDOOZLWKLQDUDQJHRI
DFFHSWDEOHYDOXHVLQRWKHUZRUGVWKH\DUHZLWKLQVSHFLILFWROHUDQFHDOORZHG
7KH DFKLHYHPHQW RI FRQGLWLRQ PD[ 7' d  HQDEOHV DQG D VWDWLVWLFDO VWXG\ WR YHULI\ WKH VWXG\LQJ RI QRUPDO
GLVWULEXWLRQ RI H[SHULPHQWDO GDWD REWDLQHG 3UHFLVLRQ LQGLFDWRUVZHUH FDOFXODWHG IRU DOO WKH YDOXHV UHFRUGHG LQ WKH
IROORZLQJPHDVXUHPHQWVDFDOFXODWLRQH[DPSOHEHLQJSUHVHQWHGLQWDEOH>@
7DEOH3UHFLVLRQLQGLFDWRUVFDOFXODWHGIRUVDPSOHV
+%DOOR\
$76L&XVDPSOHV


YL

3UHFLVLRQLQGLFDWRUV
  
 +%V'  
 &9 
+%V7 '    
PD[ +% '  7d'PD[ 
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 
 
 
 
 
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

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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    
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+%V7&9 '     
PD[ +% '  7d'PD[ 
7KH DFKLHYHPHQW RI FRQGLWLRQ  7d'PD[  HQDEOHV D VWDWLVWLFDO VWXG\ WR YHULI\ WKH VWXG\LQJ RI QRUPDO
GLVWULEXWLRQRIH[SHULPHQWDOGDWDREWDLQHG
)RUPHDVXUHPHQWVPDGHLVQRWLFHGWKDW WKHFDOFXODWHGYDOXHVRIWKHFRHIILFLHQWRIYDULDWLRQJHQHUDOO\IDOO LQWKH
ILUVW WZR LQWHUYDOV ZKLFK PHDQV DFFXUDWH UHVXOWV ZLWK OLWWOH VFDWWHULQJ DQG PHGLXP DURXQG DYHUDJH 2QH VLQJOH
PHDVXUHPHQWVHWWKHRQHIRUDOOR\$76L&XVDPSOHVFDXVHVDQFRHIILFLHQWRIYDULDWLRQ ! ZKLFK
PHDQVDODUJHGLVSHUVLRQDURXQGWKHPHGLXPYDOXHDQGUHVXPLQJWKHFRUUHVSRQGLQJVHWPHDVXUHPHQWV
&RQFOXVLRQV
7KHIROORZLQJFRQFOXVLRQVDUHUHYHDOHGDIWHUSURFHVVLQJWKHH[SHULPHQWDOUHVXOWV
x WKHEHQHILFLDOLQIOXHQFHRIWKHPHFKDQLFDOHQHUJ\RYHUWKH%ULQHOOKDUGQHVVYDOXHVLVQRWLFHDEOHWKXVDOOYDOXHV
UHFRUGHG RQ VDPSOHV TXHQFKHG LQ ZDWHU IURP D WHPSHUDWXUH RI q& LQ WKH SUHVHQFH RI YLEUDWLRQV DQG
DUWLILFLDOO\ DJHG IRU  KRXU DW D WHPSHUDWXUH RI q& DUH KLJKHU WKDQ WKH YDOXHV REWDLQHG WKURXJK FODVVLFDO
WUHDWPHQWV
x WKHRYHUODSSLQJRIPHFKDQLFDOYLEUDWLRQVRYHUWKHWKHUPLFHQHUJ\LQDUWLILFLDODJLQJKDVEHQHILFLDOHIIHFWVRQWKH
KDUGHQLQJ SURFHVV ZH FRQVLGHU WKDW WKH VXSSOHPHQWDU\ FRQWULEXWLRQ RI HQHUJ\ DW WKH OHYHO RI FU\VWDOOLQH QHW
OHDGV WRGLIIXVLRQSURFHVVHV VWLPXODWLRQSURFHVVHV WKDWGHWHUPLQH WKH VWUDLQKDUGQHVVRI WKHFU\VWDOOLQH ODWWLFH
WKURXJKWKHIRUPDWLRQRI*3]RQHVUHVSHFWLYHO\RIWKHTT,T,,SKDVHV
x SUHFLVLRQ LQGLFDWRUV FDOFXODWLRQ VKRZV WKDW VWDWLVWLFDOO\ WKH HIIHFWXDWHG PHDVXUHPHQWV ZHUH ZHOO GRQH GDWD
FROOHFWHGDUHIDOOZLWKLQWKHPDUJLQHUURUPHDVXUHPHQWHUURUVEHLQJOLWWOH
x WKH GLIIXVLRQ SURFHVVHV DUH YHU\ PXFK DFWLYDWHG E\ VXSSOHPHQWDU\ HQHUJ\ FDUULHG E\ PHFKDQLFDO YLEUDWLRQV
DSSOLHGWROLTXLGPHGLXP
x ,PSURYLQJ WKHGLIIXVLRQFRHIILFLHQW OHDGV WR LQFUHDVLQJ WKHKDUGQHVVYDOXHVDQG LPSOLFLW RIRWKHUVPHFKDQLFDO
SURSHUWLHV
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